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REDUNDANCY SCRE
Loemponant draup: Oxfdizar Turbopumps Propared! C. Abgp=amia
CIL Hern: Bs00-04 Approvan: T. Nguyan
Companant: Low Prasstur Oxldizar Turbopamp Approval Cate: &80
Part Numbsr: RS0GTA A Chanpa & 2
Fature Megda: Loss of ireducer head risa. Diraclive #; CCED MEZ-M-5214d
Pag&: 1of 4
. ' Crilizallty
Phase Failure I Effect Deacription Hazerd Aefarence
) Faduced pomp oulput presava. HPCTP discharge preasure 4 reducad due ¢ the lower inlel presswa and head {oss [rom cavitalion af Lha 1R
FN | main punr. The MCC pregsure decreesas and kB sensed by tha controfler, which eorreeta by Incraaxing the ool lzer system power by ME-C15.M

opning 1he DPOY, Correction raguirad i malnlan MCC pregaure may couse d viglation of the HPOTP tubine suheuat temperstom
rediine v Infbate pramalure engloe shiddown, Mission screb F detected by rediins. Loss of vehicle doa to HROTE furbime or heal
entzhangar fallure may rasult il not datectnd,

Redundancy Sceeena: TURBOPUMP SYSTEM - SENSOR SYSTEM: UNLIKE RECUMEANCY
#v Pass - Radund ant harware kems are capabhe of checkout during normnal ground ternarsnd,

B: Pass - Loas ol a redundanl handware e ks detedlable duing Aight.
C: Fass - Loss of redundant herdvrana [terms could ned result From a singla credibla avent

M Redutad pump outpul pressume. HFOTF discharge pressune |3 reducad dug b tha lowar inlel prassome and head 1055 [Fom cavitation of tha iR

41 main prmp. The MCC pressure decraases and |5 sansed by tha santmller, which correcls by increazng the oxkdizar sysiam powes by ME-C15 M
opaning the OFOY. Carreclion required to maintain MCC pressurs may causa a vAskton of the MFOTP brbing exhzws] tamperature
redling and Iniliabe premetues enging shvldown. Mission abont § detected by redine. Loan of vahicia due ko HPOTF lurtbine or haal
axchangar fallum may reeyilif naf daleclad,

6§ -H

Redundancy Screens: TURBOPUMP SYSTEM - SENSOR SYSTEM: UMLIKE RECUNHDAMCY

A; Ppoa - Redundant Hardwane tems sre capeble of checkout durng nomal ground turaround,
B: Pavs - Lose of a redundant hardwars llarme |z detactabla durlng Alght
C: Pasa - Lusa of redvndanl hardware tems cou!d net result frons @ single crediblie avedt,
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DESIGN
Componant Group: Crxilzer Turhopumps Prepared: C. Abenamig
CIL Item: BB0¢-04 Approved: T. Rguyen
Componant! Law Pressurs Oxidizer Turbopumyp Approval Dste: 67/
Part Number: RSDOTEQ1 Changa #: 2
Failurs Mode: Lazs of induzar haad fea. Directive P CCHD ME2-01.6214

Fapa: 1ol 1

Design ! Document Referenca

FAILLRE CAUSE: A: Inducer blada damage.

THE INDUCER {1} HAS FQUR FULL BLADES AT THE INLET AND TWELVE PARTIAL BLADES AT THE DISCHARGE, WHERE THE MAMORITY OF THE FRESSLURE RISE |5 CEVELOPED. THE
INOUCER 1S REDESIGNED FOR USE WITH THE LARGE THROAT MCC, THE DESIGN DEMONETRATED INCREASED SNCTION PERFORMANGE AT HIGHER FLOVIISPEED WITH
ACCEPTABLE INGAEASE IN HEAD OUTPUT. THE INDUCER 15 MANUFACTURED UTILIZING A K-MONEL FORGING, WHICH WAS SELECTED FOR ITS RESISTANGE TQ CORROSION, WHILE
RETAINING DUCTILITY AND TOUSHNESS AT CRYOGEMEC TEMPERATURES (23 THE ALLOY IS SOLUTION HEAT TREATED AND AGE-HARDENED {1). NET FOSHT IVE SLICTICH
PRESSIIRE REQUIREMENTSE WERE SATISFIED DVER THE ENMTIRE OFERATING FAKRGE BY DESIGN VERIFICATION TESTING [3). VEHICLE CLEAMLINESS REQLIRELENTS MINIAIZE
BAMAGE FROM GONTAMINATION IMPACT (4), THE INDUGER HAS COMPLETED DESIGN VERIFICATION TESTING FOR BLADE NATURAL FREQUENCY (5).

(1) RSOOTET 2; {2) RSS5-8578-0; (3) VRS D553, 14) IGD 13015000; {5} RG5-401-1
FAILURE CAUSE: B:Silsevs rublealopca.

TIP LEAKAGE IS CONTROLLED BY THE CLEARANCE BETWEEN THE INDUCER (1) TIP AND THE HOUSING SLEEVE {2} TO OPTINIZE INDUCER EFFICIENCY YWHILE MAINTAIMING MARGIN
FROM RUBEMG THE INOUGER AND SLEEVE ARE MANUFAGTURED UTILIZING K-MQNEL, WHICH WaS SELECTED FOR (TS RESISTANCE TO CORROSION, WHILE RETAINING CUCTILITY
AND TOUGHNESS AT GRYOGENIC TEMPERATURES (3. PERFORMANCE AT OPERATIONAL SPEEDS AND FLOWS IN LGP OXYGEN SATISFIED MET POSITIVE SLCTION PRESSURE
{NPSP) RECLIREMENTS {4). THE SLEEVE IS DESUGNED TO PROTECT THE HOUSING INLET TUNKEL FROM DIRECT CONTACT WITH THE INDUCER. THE SLEEVE ALLOY IS ANNEALED
(23, FINAL MACHINING OF THE BORE DIAMETER IS ACCOMPLISHED WITH THE SLEEVE HNSTALLED IN THE HOUSING FOR MAXIMUM ALGNMENT, AN INTERFERENCE FIT BETWEEN
THE SLEEVE AND HOUSING AT AMBIEMT TEMPERATURE IS REQUIRED TO PREVENT PRESSURE FRDM CONTACGTING THE BACKSIDE OF THE SLEEVE AND CAUSE SLEEVE
DISTORTIDON. THE INTERFERENGE FIT IS FURTHER ENHANCED AT CRYOGENIC CONIITION. THE ADDITIONAL HOOP STRESS APPLIED TO THE AXIALLY-SYMMETRIC DESIGN
INCREASES STIFFNESS AND RIGIDITY TO THE SLEEVE, REDUCING DISTORTION POTENTIALS. VEHICLE PROPELLANT CLEANLINESS REQUIREMENTS (5) MINIIZE CONTAMINATION
INDUCED RLETING BETV/EEN THE IMGUCER AND SLEEVE. COMPONENTS DYNAMIC SALANCE REQUIREMENTS FOR THE INDUGER (1) AND ROTCR (E) REDUCE TIP DEFLECTIONS
DURING DPERATION. THE HOUSING HAS GOMPLETER DESIGN VERFICATION TESTING FOR PROOF PRESSURE-STRESS DISTRIBUTION {7) AND PRESSURE BURST TEST (8).

{1) RS0O7R1 2; £21 RS0A7ROZ; (3] ASS5-8575-0 (4} VRS 0553 (5) ICD 13N15000; [By RS20VB0G; (F) R55-401-20; (B) RE5-401-24

FAILURE CAUSE: ALL CAUSES

K-MONEL MEETE LOX COMPATIBILITY PEQUIREMENTS (1). THE HIGH CYCLE AND LOW CYCLE FATIQUE LIFE OF THE INCUCER AND HOLIS NG MEET CEI REQUIREMENTS (2. THE
ML FACTORS OF SAFETY FOR THESE PARTE MEET CEI REGUIRENENTS (2). THE NELUCER PARENT MATERLAL YWAS CLEARED FOR FRACTURE MECHANICS/NDE FLAW
GROWTH SINCE 1T 15 0T A FRACTURE CRITICAL PART, EXCEPT THE HOUSING ASSEMBLY WHICH WAS CLEARED BY RISK ASSESSMENT {4). THE COMTROLLER SOFTWARE IS
CONFIGURED TO DETECT AND RESPOND TO THE FAILURES WWENTFIED AND COMMAND A SAFE EMGINE STATE (8). REUSE DF PARTS DURING OVERHALL ARE CONTROLLED BY
THE REQUREMENTS OF THE OVERHAUL SPECIFICATION {B).

(1] RES-B572-0; (2} RLOOS32, BPSEEI!DDDSBf (3] R55-8546-16, CPAZDR0OMIIE, (4] NASA TASK 117, [6) CF40ERD0O0H, 3.2.3:5.2; (] RLDM 213
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INSPECTION AnD TEST
Component Sreup: Cxidieer Turbapumps Prapared: G, Abezamin
CIL Ham: =800-04 Approved: T. Npuyan
Camponeni: Low Prassurg OxTdfzar Turbapuma Approval Date; anrmn
Part Humber: REQOTED? Charnga #: z
Failure Mode: Loaa of Inducar head rise, Directiva B: CCRO MELOY 52
Pags: 1491 2
Failure Causes Slgnificant Characterktics Inzpactionis} / Tesi(x) Documant Referance
) INOUGER : R5007212
MATERIAL INTEGRITY MATERMWL INTEGRITY |13 VERFIED PER SPECIFICATION REGINREMENTS, RLO1 T{-051
THE IMDUCER |5 FENETRANT INSPECTED AFTER MACHINING PER SPECIFICATION REDUIREMENTS. RADTTE-116
HEAT TREAT HEAT TREAT 15 VERIFIED PER SPECIFICATION REQUIREMENTS. RANS11-020
ASEEMBLY INTEGRITY INDUCER BELADE S\JRFACES ARE {KNSPECTED PER DRA\WING REEQUIREMERNTS. REQATE2
INDUGER ELADE COoRDINATES ARE INSPECTED PER DRAVANG AEQUIREMENTS.
B o .1h_IDLil3EF! 2007813 i
SLEEVE RS007R02
HOUSING ASSEIMBLY FSA07B02
MATERML INTEGRITY MATERIAL INTESRITY |5 VERIFIED FER SFPEGIFICATION REQUIREMENTS. RBO1TR-05D
RAI 051
HOUSING 1S PENETRANT INSPEGCTEDR PER SPECIFICATION REDANREMENTS. RA15-116
HZUSING |5 RADIDGERAPHIC INSPECTED PER SPECIFICATION REQUIREMENTS, RLA10GD2
HIUSING HQAT ISOSTATIC FRESS |5 WERIFIED PER DRAYANG AND SPFECIFICATION REQUIREMENTS. RS007I0NE
ALOaiT2
HEAT TREAT HOUSING AND INDUCER HEAT TREAT 15 VERIFIED PER SFECIFICATION REQUIREMWMENTS. AADG11-020
SLEEVE ANNEALING |5 VERIFIED PER ORAWINGE REQUIREMENTS, REONFE02
ASSEMBLY INTEGRITY THE INDUC ER/HOUSINGISLEEVE ASSEMBLY DIANMETRICAL CLEARANGES AND SEALING SLRFACES  RISNO7HDT
ARE INSPECTED PER DREAVWING AND SPECIFICATION REQUIREMENTS, R&ROFE12
RE00FE0Z
RLO1323
ROTOR AND IMCRICER BEALANGE ARE VERIFIED PER ORAWING REQINREMENTS. RSAa7E05
) rRead7ei2
CLEAMLINESS DF THE LPSTREAM COCRMPONENTS AND THE IMDUCE FYHOUSING ASSEMBLIES ARE YERIFIED CLEANED RLI1DIG
COMPONENTS FER SPECFICATION AMD DRAWING REQUIREMENTS. RSO0
| ALL CAUSES LPOTP . RSDOTAN
ASSEMBELY MTEARITY THE PUMP SUBASSEMBLIES ARE INSPECTED DURING OVERHALUL PER SPECIFICATION RLO12{%
REQUIREMENTS. RAD115-HE
INSPECTIONS INCLUDE: VISUAL, CIMENSIONAL, PENETRANT, AND REPLACEWMENT OF USAGE
ITEMS AS APPLICABLE, PER OVERHAUL SPECIFICATION,
OPERATIONPERFORMANCE |5 VERIFIED BY ENGIME HOT FIRE TESTIND AND ZNO E & M TESTS O RLOGGS0-04

e TG T r N, Pol



EF IR AT PR EILE TN ihgizar Iurbu;\pl.m]p'a } F a4- .
CIL Item: B500-04 Approved: T Npamts
Cumponant: Low Presaure Oxldizer Turbopumg Approvel Date:  art/as
Parl Numbar: RE00TEOL . Change #: 2 _
Falturg hode: Loss of Inducer head rlap. Drecthve # GCBD ME3-M-§214
Fags: Aol 2
Fallurs Causes Sigrificant Chuaraclarlabios frapection|s} / Test(s) Dozument Reference
ALL CALISES ASSEMBLY INTEGRITY TOROUE CHECKS ARE PERFORMED FRIOR TO EACH FLIGHT. CMRSD VA1BS D030
DATA FROIM THE PREVIOUS FLIGHT Of HOT FIRE 13 REWIEWED FOR PROPER TURBOPUIME MSFC PLN 1228
' OPERATIONAFERFORMANCE. (LAST TEST)
Failuie Mislory: Comprehenslve lailuie history dala s maintained In 1he Problem Repesting databaae (PRAMS/PRACA)
Referance. MAZA kdller 302738208 and Rockatdyna fsller S6RC0S761.
Operalenal Usa: Kok Appllcabla.
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WELD +JINTS
Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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e e gt Juidizer [urbapumps

Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd

Part Number: RSaLTH0

Preparad:
Appraved:

Approval Date:

Change §:
Directive ¥

Fage:

G, Atosar
T. Hjuya: -
arras

1

CCRD ME3-.01.5214

dof 3

Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




